Background: Specialised preterm birth clinics care for women at high risk of spontaneous preterm birth. This systematic review assesses current practice within preterm birth clinics globally. Methods: A comprehensive search strategy was used to identify all studies on preterm birth clinics on the MEDLINE, Embase, PsycINFO, CENTRAL and CINAHL databases. There were no restrictions to study design. Studies were limited to the English language and publications from 1998 onwards. Two reviewers assessed studies for inclusion, performed data extraction and reviewed methodological quality. Primary outcomes were referral criteria, investigations and interventions offered in preterm birth clinics. Secondary outcomes were the timing of planned first and last appointments and frequency of review. Results: Thirty-two records fulfilled eligibility criteria and 20 studies were included in the main analysis following grouping of records describing the same study or clinic. Studies were of mixed study design and methodological quality. A total of 39 clinics were described; outcome data was not available for all clinics. Referral criteria included previous spontaneous preterm birth (38/38, 100%), previous mid-trimester loss (34/38, 89%) and previous cervical surgery (33/38, 87%). All clinics offered transvaginal cervical length scans. Additional investigations varied, including urogenital swabs (16/28, 57%) and fetal fibronectin (8/28, 29%). The primary treatment of choice for a sonographic short cervix was cervical cerclage in 10/33 (30%) clinics and vaginal progesterone in 6/33 (18%), with 10/33 (30%) using multiple first-line options and 6/33 (18%) using a combination of treatments. The majority of clinics planned timing of first review for 12-16 weeks (30/35, 86%) and the frequency of review was usually determined by clinical findings (18/24, 75%). There was a wide variation in gestational age at clinic discharge between 24 and 37 weeks.
Introduction
Preterm birth is the leading cause of neonatal death and is associated with significant perinatal morbidity and lifelong health consequences [1] . Preterm birth is common and accounts for approximately 10% of births worldwide [1] . At least half of all preterm births are the result of spontaneous onset of labour or pre-labour rupture of membranes [2] . Despite considerable research efforts there is no effective treatment to stop preterm labour once it has established and current management focuses on prevention [3, 4] . In recent years, specialised preterm birth clinics have developed due to a growing understanding of risk factors for preterm birth and the importance of risk stratification to guide the use of interventions to prevent preterm labour [5] . To the best of our knowledge, the first modern-day preterm birth clinic was established in the United Kingdom (UK) in 1998.
Preterm birth clinics provide focused and specialised obstetric care to asymptomatic women at increased risk of preterm birth due to their obstetric or gynaecological history. The key components include addressing modifiable risk factors (such as advice on becoming smoke-free, and screening and treating infection), surveillance of cervical length by transvaginal ultrasound scan through the midtrimester, and providing evidence-based interventions when indicated. The use of transvaginal cervical length assessment and quantitative fetal fibronectin have been proven to aid prediction of spontaneous preterm birth in asymptomatic high risk women and can be used to guide management decisions [6, 7] . Interventions such as vaginal progesterone and cervical cerclage have been shown to reduce spontaneous preterm birth and associated neonatal morbidity in asymptomatic, high risk women who develop a sonographic short cervix in the mid-trimester [8] [9] [10] .
Although there is good evidence to support many of the practices that occur in preterm birth clinics, specific evidence to support the utility of preterm birth clinics as a whole is still evolving [5] . Two previous systematic reviews have attempted to assess the efficacy of preterm birth clinics in reducing spontaneous preterm birth and improving neonatal outcomes [11, 12] . Neither found conclusive evidence to either support or refute the efficacy of specialised preterm birth clinics compared to standard antenatal care [11, 12] . However, both acknowledged the limited number of studies in this field; only five were randomised controlled trials, all of which were conducted prior to 1990 and no longer reflect practice in modern-day preterm birth clinics. It is unlikely that further randomised controlled trials will be carried out due to the multi-faceted and complex nature of the intervention [5] . Despite the lack of direct evidence to support the use of preterm birth clinics, the poor outcomes from preterm birth, the availability of multiple evidenced-based interventions, and the ability to provide coordinated and individualised care provide sufficient justification for resourcing these clinics [5] . Preterm birth clinics have become standard care in many countries and are recommended in the UK [13] .
Rationale
Until recently there were no national or international guidelines on the protocols and care pathways to be used in preterm birth clinics, and practice is often based on local expert opinion. The newly released (2019) 'Reducing Preterm Birth: Guidelines for Commissioners and Providers' from the UK Preterm Clinical Network provides guidance on referral pathways for preterm birth prevention [13] . This includes recommendations on timing and frequency of cervical length assessments and use of quantitative fetal fibronectin testing, along with management options including cervical cerclage, progesterone and cervical pessary, with reference to the National Institute for Health and Care Excellence (NICE) Guidelines for preterm birth [13, 14] .
This systematic review aims to assess the referral criteria and investigations and interventions offered in preterm birth clinics internationally and the planned timing and frequency of review. It does not attempt to prove the efficacy of preterm clinics as it has already been established that there is currently inadequate evidence available [11, 12] . The results of this systematic review will be useful for future work in improving consistency in care in both established and new preterm birth clinics. This will in turn allow results from future highquality observational studies to be more accurately synthesised in systematic review and meta-analyses to assess the efficacy of preterm birth clinics in reducing spontaneous preterm birth and improving offspring outcome.
Objectives
This systematic review has four objectives:
1. To assess the eligibility criteria used for referral to preterm birth clinics. 2. To assess the types of investigations offered in preterm birth clinics. 3. To assess the types of interventions offered in preterm birth clinics. 4. To assess the planned frequency and timing of review in preterm birth clinics.
Methods

Protocol and registration
The protocol was prospectively registered with the PROSPERO International Prospective Register of Systematic Reviews in May 2019, registration number CRD24019131470, available at https://www.crd.york.ac. uk/prospero/display_record.php?RecordID=131470. This systematic review has been conducted in line with the standard Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and written according to the PRISMA checklist of items to include when reporting a systematic review [15] .
Eligibility criteria
All studies on preterm birth clinics were eligible for inclusion, including those that assessed a clinic indirectly i.e. by assessing another intervention in a high risk population cared for in a preterm birth clinic. Preterm birth clinics are also known as preterm birth prevention clinics, preterm surveillance clinics, specialised preterm birth clinics, dedicated preterm birth clinics, miscarriage follow-up clinics and specialised antenatal clinics. There is no comparator group in this review due to the nature of the research objectives. Studies on other types of specialised antenatal clinics such as for multiple pregnancy, hypertension and diabetes were excluded. There were no restrictions placed on the types of studies eligible for inclusion and both quantitative and qualitative research methods were included. Examples of study designs include randomised controlled trials, cohort studies, case-controlled studies, cross-sectional studies, interviews, surveys and focus groups. Studies were restricted to those published in the English language, for feasibility, and to publications from 1998 onwards, as this is when the first modern-day preterm birth clinic was established.
The primary outcome measures are:
1. Eligibility criteria for referral (for example, previous spontaneous preterm birth prior to a specified gestation, previous cervical surgery of specific type or depth of excision).
Types of investigations offered, defined as any test
arranged or carried out from the clinic with the aim of reducing the risk of spontaneous preterm birth or improving perinatal outcomes from preterm birth (for example, urine culture, urogenital swabs, cervical length ultrasound, fetal fibronectin). Investigations that form part of standard antenatal care that are not aimed at reducing the risk of spontaneous preterm birth were excluded (for example, aneuploidy screening, fetal anatomy scan).
Types of interventions offered, defined as any
surgical, medical or non-medical therapy used with the aim of reducing the risk of spontaneous preterm birth (for example, cervical cerclage, progesterone, cervical pessary) or with the aim of improving perinatal outcomes for babies that are born preterm (for example, antenatal corticosteroids, hospital admission).
The secondary outcomes measures are:
4. Timing of planned first and last clinic visit (measured in weeks and days of gestation). 5. Frequency of planned clinic review (measured in number of days or weeks).
Information sources
The MEDLINE, Embase, PsycINFO, CENTRAL and CINAHL databases were searched on 1 May 2019. Additional studies were identified by hand-searching reference lists of included publications.
Search
A comprehensive search strategy was developed using the Peer Review of Electronic Search Strategies (PRESS) Guidelines [16] and was adapted for each of the five databases. The search strategy utilised keyword terms for a preterm birth clinic, and MeSH terms for outpatient pregnancy care combined with MeSH terms for preterm birth, pregnancy complications or high risk pregnancy. A human filter was applied along with limits for the English language and for references published from 1998 onwards. The MEDLINE search is available in Additional file 1: Table S1 .
Study selection
References identified from each database search were imported into EndNote X8 referencing software [17] and then into Covidence systematic review software [18] . Duplicates were identified and excluded. References were screened independently by two reviewers for potential eligibility based on the title and abstract. Full-text articles were retrieved for references that appeared to be relevant and these were also independently assessed for inclusion by two reviewers. Discrepancies were resolved through discussion. Records were combined if they described the same study, e.g. conference abstracts with full-text articles; and studies that had been updated. For updated studies, the most recent record was used as the study identifier to describe both the original and updated study, and was used for the majority of data collection. Studies were also grouped when there was more than one study describing an individual clinic, with the most relevant study selected following discussion between two investigators. This selected study was used as the study identifier and for the majority of data collection, with the additional studies used for missing data. This approach was necessary to prevent over-representation of clinics that were described in more than one study. All studies that reported on multiple (named or unnamed) clinics were included at this stage for simplicity and over-representation was addressed later in synthesis.
Data collection process
Electronic data collection forms were used to extract and record data from included studies. Data collection was performed by one reviewer and cross-checked by a second reviewer. Authors were contacted for the names and locations of included preterm birth clinics when this was not reported.
Data items
Primary and secondary outcomes previously specified were collected. Other data items include study source information and funding details, study design, study timeframes, demographic details, risk factors for spontaneous preterm birth, and spontaneous preterm birth rates.
Risk of bias and quality assessments
Two reviewers assessed the methodological quality of included studies. The Cochrane Risk of Bias Tool [19] was used for randomised controlled trials, the Newcastle-Ottawa Scale [20] for cohort, case controlled studies and other observational studies, the modified Newcastle-Ottawa Scale [21] for cross-sectional studies and the Critical Appraisal Skills Programme (CASP) Checklist [22] for qualitative studies.
Summary measures
Primary and secondary outcomes are described as proportions.
Synthesis of results
The majority of studies included UK based preterm birth clinics, and some reported on multiple clinics. To ensure we avoided over-representation of clinics described in more than one study, authors of UK studies that reported on unnamed clinics were approached [23] [24] [25] [26] . This allowed us to assess whether the largest and most comprehensive study on preterm birth clinics (Care 2019) [23] included all UK clinics described in other studies. All but four clinics in the Care 2019 study were identified and alternative studies including them were excluded from synthesis [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Of the four clinics reported anonymously in the Care 2019 study, three are also believed to have been reported elsewhere and so these studies were also excluded [24, 36] . Data from Care 2019 were amalgamated with data from remaining studies, all of which reported on individual clinics outside of the UK, to provide an overall synthesis for the primary and secondary outcomes. A narrative synthesis is provided, structured around the outcome measures, with information also presented in tables.
No meta-analysis was performed.
Results
Study selection
The study selection process is detailed in Fig. 1 . Of the 1293 records identified from the search strategy, 32 fulfilled eligibility criteria. Three of these were conference abstracts for included full text articles [37] [38] [39] . One study had been updated and the two publications were combined [23, 40] . A further eight were additional studies reporting on individual clinics already represented by another included study [41] [42] [43] [44] [45] [46] [47] [48] (detailed in Table 1 ). Twenty studies were therefore included in the main analysis.
Study characteristics
Of the 20 included studies, 15 were full text articles [23, 24, 27-29, 33, 34, 49-56] and five were conference abstracts [26, [30] [31] [32] 36] . Fourteen studies reported on an individual clinic [27-33, 36, 49-53, 56] and six studies reported on multiple clinics [23, 24, 26, 34, 54, 55] . There were a variety of study designs; seven retrospective audits [26, [28] [29] [30] [31] [32] 51] , three prospective observational studies [24, 36, 55] , two cross-sectional studies [23, 49] , two prospective cohort studies [54, 56] , two retrospective cohort studies [50, 52] , two other retrospective observational studies [27, 34] , one randomised controlled trial [53] , and one qualitative interpretive study [33] . A total of 39 clinics were assessed in data synthesis; 33 clinics (87%) were in the UK, two in America, two in Australia, and one each in Germany and Italy.
Risk of bias and quality assessments
Results of the methodological quality assessments are shown in Additional file 1: Tables S2-S5 . Methodological quality was mixed with studies of low, medium and high quality.
Results of individual studies
The study characteristics and primary and secondary outcomes are summarised in Table 2 for studies on individual clinics, and in Table 3 for studies reporting on multiple clinics.
Synthesis of results
Data from 39 clinics were combined to assess the primary and secondary outcomes; 33 UK based clinics from Care 2019 23 and six clinics from individual clinic studies outside of the UK [7, [49] [50] [51] [52] [53] . Outcome data was incomplete for some clinics, thus the number of clinics assessed for each outcome varies. Preterm birth clinic referral criteria is described in Table 4 . All clinics accepted referrals for women with a previous spontaneous preterm birth, however the gestation of previous preterm birth varied. Just over half (20/ 38, 53%) set a threshold of < 34 weeks for review. Previous late miscarriage or mid-trimester loss was the second most common referral criteria reported in 34/38 (89%) clinics. Most clinics also accepted referrals for women with previous cervical surgery (33/38, 87%), although there was variation in the type of surgery and numbers of excisional biopsies required (Table 4 ).
Data on the types of investigations offered were available for 28 clinics (22 UK, 6 non-UK). All clinics performed transvaginal cervical length ultrasound scans, however use of additional investigations was variable. Urogenital swabs were the second most common investigation performed, with 16/28 (57%) clinics routinely offering this. Fetal fibronectin was used as a risk assessment tool in asymptomatic women in some clinics (8/ 28, 29%). Other investigations included urine culture, rectal culture for Group B streptococcus, serum thyroid stimulating hormone and alkaline phosphatase which were each described in one clinic.
There were differences in how interventions aimed at reducing the risk of spontaneous preterm birth were reported. Table 5 lists the range of interventions offered for the six clinics outside of the UK, and separately describes the primary treatment choice for a sonographic short cervix for the 33 clinics within the UK where this information was available. Data on the range of interventions offered in UK clinics was not available for synthesis. Cervical cerclage was offered in all clinics outside of the UK (6/6, 100%). Progesterone was also offered in all clinics, as vaginal progesterone in 4/6 (67%) and intramuscular 17-alpha hydroxyprogesterone caproate (17OHP-C) in the remaining two clinics, both of which were in America. Within UK based preterm birth clinics, the primary treatment choice for women with a sonographic short cervix was cervical cerclage in 10/33 clinics (30%), vaginal progesterone in 6/33 (18%) and cervical pessary in 1/33 (3%). An additional 10/33 clinics (30%) reported utilisation of multiple first-line treatment options, and 6/33 (18%) used a combination of treatment, usually cervical cerclage and vaginal progesterone. Various measures were used to define the threshold for treatment of a 'short' cervix. The most common threshold was a cervical length of < 25 mm (21/38, 53%). A cervical length of < 15 mm or use of centile charts were used less frequently (2/38, 5% and 6/38, 16% respectively). A further 4/38 clinics (11%) used a combination of thresholds with centile charts and/or a cervical length of < 25 mm. Results from the QUiPP App, which combines clinical history, cervical length measurements and fetal fibronectin [55] were used by 4/38 (11%) clinics to determine the need for treatment for a short cervix. One clinic reported using an 'other' threshold and data were unavailable for another.
The use of additional interventions such as hospital admission, antenatal corticosteroid therapy and antimicrobials for high risk, asymptomatic women was not consistently reported across studies and these data were not available from the large surveys of practice in the UK; thus accurate synthesis of information was not possible. Tables 2  and 3 where this was reported in individual studies.
Data on additional interventions are provided in
Many clinics also provided routine lifestyle recommendations. Of the 22 clinics (all in the UK), where these data were available, almost half (10/22, 45%) routinely advised restriction of physical activity, 6/22 (27%) recommended stopping work, 9/22 (41%) advised refraining from sexual intercourse and 6/22 (27%) made dietary recommendations. No clinic recommended routine bed rest and 8/22 (36%) clinics reported that no additional advice was given. Table 6 describes the planned timing of preterm birth clinic visits. Data were available for the planned first appointment for 35 clinics (32 UK, 3 non-UK), and for planned last appointment for 26 clinics (22 UK, 4 non-UK). Most clinics planned to see women for their first appointment at 12 to 14 weeks (14/35, 40%) or 15 to 16 weeks (16/35, 46%) . The timing of discharge from a preterm birth clinic varied considerably from 24 to 37 weeks. The planned frequency of review was available for 24 clinics (22 UK, 2 non-UK) with the majority (18/24, 75%) individualising this depending on clinical findings. Five clinics (21%) reviewed women fortnightly, and one clinic (4%) four-weekly.
Discussion
Summary of evidence
Data was obtained for a number of preterm birth clinics in this systematic review. The majority of clinics were located in the UK, but clinics in America, Germany, Italy and Australia are also identified. All clinics accepted referrals for women with a previous spontaneous preterm birth, however other referral criteria varied. The majority of clinics saw women with previous mid-trimester loss, previous preterm pre-labour rupture of membranes, PPROM premature pre-labour rupture of membranes, LLETZ large loop excision of the transformation zone, LEEP loop electrosurgical excision procedure, fFN fetal fibronectin, IM intramuscular, UK United Kingdom previous cervical surgery, uterine abnormality or malformation, and a short cervix detected in pregnancy. A minority of clinics also accepted referrals for other indications including history of multiple surgical terminations of pregnancy or dilatation and curettage, as follow up after a diagnosis of threatened preterm labour, and presence of an autoimmune condition. Of interest, no clinic listed previous caesarean section at full dilatation as a referral criteria, despite recent evidence that this is a significant risk factor for spontaneous preterm birth [54, 57] .
Transvaginal cervical length scans were used to aid decisions on management in all clinics but the use of additional investigations such as urogenital swabs, urine culture and fetal fibronectin varied. Differences in how interventions were reported limited the ability to synthesise these results, however available evidence shows that a range of interventions are available, with significant variation in the choice of primary management for a sonographic short cervix within the UK, where this data was available. The majority of clinics saw women for their first appointment between 12 and 16 weeks of gestation and cared for them through to the late second or early third trimester. The frequency of preterm birth clinic review was usually directed by clinical findings.
Application of results
To the best of our knowledge, this is the first systematic review to assess practice in preterm birth clinics globally, and has shown wide variation in most aspects of care. Inconsistencies in care have also been identified as an issue in national surveys of practice in the UK [23, 40] . This information can be used to support the development and implementation of preterm birth clinic consensus guidelines and national prevention programmes, which are likely to improve consistency and encourage best practice care based on current evidence. The newly introduced 'Reducing Preterm Birth: Guidelines for Commissioners and Providers' [13] is likely to fulfil this role in the UK and may also influence care in other countries; reevaluation of practice following implementation of this guideline will be important to assess its impact. The findings from this review can also be used to assist with service planning as preterm birth clinics continue to be introduced throughout the developed world.
Improving consistency in care will also allow clinics to combine their outcome data in a more meaningful way, enabling high-quality research into the effectiveness of interventions provided in preterm birth clinics, along with comparisons between clinics [5] . The UK Preterm Clinical Network has already developed a bespoke internet-based database that uses an agreed minimal dataset, allowing systematic and standardised collection of clinical data from preterm birth clinics within the network [58] . In 2018, there were seven sites using this database, and an additional 24 sites were registered as Data Collection Centres, four of which are outside of the UK [58] . This collaborative approach to data collection, if combined with a consistent approach to care in preterm birth clinics, has great potential for the future evaluation of existing and new interventions aimed at optimising the care of asymptomatic women at high risk of spontaneous preterm birth.
Limitations
The main limitation of this review is the potential for incomplete data. Due to the paucity of literature in this area, studies were included that did not specifically assess or report on care in a preterm birth clinic, but reported on another aspect of care in a group of high risk women cared for in a preterm birth clinic. Thus, details about the clinic itself were at times incomplete. We have assumed for the purposes of this review that if a referral criteria, investigation or intervention was not reported, then it was not used. Another limitation is that included data is predominantly from clinics in the UK, so results are likely to favour practice from this region. This is unsurprising as the UK have led the development of modern-day preterm birth clinics and to our knowledge, are the first to recommend the use of preterm birth clinics in national guidelines [13] . Results from the UK also have a lower risk of publication bias due to the availability and inclusion of studies that had taken a cross-sectional survey approach to assessing preterm birth clinic practice [23, 40] . Results from outside of the UK may reflect care from academic preterm birth clinics which are more likely to have published their data or be involved in other research. National or binational surveys of practice in other localities would be helpful and we intend to explore this in Australasia.
We have taken a unique approach to analysis by combining different studies on the same clinic and in our selection of studies suitable for combination and synthesis. This was necessary as the 'population' of interest was the clinic itself, and thus inclusion of all studies would have resulted in over-representation of certain clinics which were described in multiple studies. The assumption that the three clinics reported in other included UK based studies were included within the four anonymous clinics in Care 2019, is a further limitation of this study. However even if not the case, this is unlikely to have changed findings significantly.
Conclusions
To our knowledge, this is the first systematic review of the practice of preterm birth clinics internationally. Variation in the referral criteria, investigations and interventions, and timing and frequency of review in individual preterm birth clinics was evident. Consistency in care is likely to be improved with the introduction of consensus guidelines and national preterm birth prevention programmes such
